Introduction: Money, whether in the form of coins or paper notes is perhaps the most widely handled article by people every day throughout the world. Paper currency can be contaminated by droplets during coughing, sneezing, touching with previously contaminated hands or other materials, and placement on a dirty surface. The aim of this study was to isolate and identify microorganisms contaminating Indian currency notes. Materials and Methods: A total of 66 currency notes were collected from 22 different places. Of 66 currency notes, 22 each were of INR 10, INR 50, and INR 100, respectively. The samples from each currency notes were collected with a sterile cotton swab dipped in 1 peptone water. Then the swab samples were subjected to laboratory analysis where they are incubated on a plate of blood agar media and McConkeys agar media. Antibiotic sensitivity testing was done by Kirby-Bauer method. Results: Of the 66 currency notes of three different denominations, 100% of currency notes were found to be contaminated. A total of five species of bacteria were diagnosed in which 66 isolates were found from those contaminated notes. Culture positive rate was also found to be 100%. Most frequent microorganism that was associated with all currency notes was Klebsiella 19 (28.8%). Of all the 22 groups, the highest level of contamination was found in currency notes that were collected from beggars and slaughter houses. Conclusion: All the currency notes were found to be contaminated with 100% culture positive rate. Therefore, protective measures should be taken to prevent diseases that can occur due to contamination of currency notes.
INTRODUCTION
Money is the most widely used and sought after service on the planet. Modern banknotes are made from a special blend of cotton, linen, other textile fiber, and animal gelatin for the surface coating of banknotes with small segments of fiber. The cotton/linen/fiber combination of bank notes produces a strong bond and do not pull apart, unlike the fibers of ordinary paper.
Recently many countries have replaced banknotes from paper to plastic polymers. [1] Money exchanges several hands each day. They go through clean and dirty hands. It is used for every type of commerce. Contamination may occur during production, during storage after production, and during use. Microorganisms on the skin can be transferred from cashiers, sales people, and the general public to the currency notes that they handle. Contamination from the anal region, wounds, nasal secretions, and aerosols generated by sneezing and coughing are potential sources of transfer of microorganisms to currency notes during handling. [2] Microbial contaminants may be transmitted either directly, through hand-to-hand contacts or indirectly,
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A Cross-sectional Study via food or other inanimate objects like fomites. When hands used in cleaning up the anus after passing out feces are not properly washed and are used to touch the notes in any way, the tendency is contamination with the trophozoite of the developed parasite, eggs, cysts or even the oocyst. Other attitudes such as the wetting of hands or fingers with saliva or use of contaminated water to lubricate the hand in counting money could lead to the possible transfer of parasite and bacteria from such medium to the notes. [3] The microorganisms implicated included members of the family Enterobacteriacea, Mycobacterium tuberculosis, Vibrio cholerae, Bacillus species, Staphylococcus sp., Micrococcus sp. and Corynebacterium sp. Most likely contaminants of paper money are environmental organisms like Gram-positive flora (especially Bacillus sp.) and those from human normal skin flora like Staphylococcus. [4] Research on currency in several countries indicated bacterial contamination to be much more than contamination with other microbial agents. Further, the pattern of bacterial contamination of currency varies from one place to another. Studies reveal many multidrug resistant bacteria to be prevalent in the currency, which include methicillin resistant Staphylococcus aureus, methicillin resistant coagulase negative staphylococci (CNS), multi drug resistant Escherichia coli, and Klebsiella. [5] The older the paper note, the more accumulation of microbes occurs. Lower-denomination notes receive the most handling because they are exchanged more often. Money may serve as an unrecognized reservoir for pathogenic and non-pathogenic bacteria. [6] Paper currency is commonly handled by various categories of people during the transaction. These routes of transmission are of great importance in the health of many populations in developing countries, where the frequency of infection is a general indication of local hygiene and environmental sanitation levels. [7] Attitudes such as the wetting of hands or fingers with saliva or use of contaminated water to lubricate the hand in counting money. [8] Use of food contaminated fingers in handling currency notes may not only enhance the contamination of currency notes but may also increase the risk of infection from contaminated ones. [9] Many food outlets heavily rely on the exchange of cash for their goods. The possibility that the handling of money by the same person (who also serves and even prepares the food) might cause contamination has resulted in several changes with regards to how foods are handled and traded, especially with regard to readyto-eat foods. [10] In most parts of the developed world, there is a popular belief that the simultaneous handling of food and money contributes to the incidence of food-related public health incidents. [11] Over the last two decades, the observed data indicated that simultaneous handling indeed was a cause of sporadic foodborne illness and survival of pathogens. [12] Items that are passed from hand to hand are likely to be contaminated with disease-causing bacteria particularly if carried with unclear hands or kept in a dirty environment. [13] Keeping all this view in mind, the study was conducted in Mathura city to assess microbial contamination of Indian currency notes in circulation.
MATERIALS AND METHODS
This cross-sectional study was conducted in the month of January 2015 in Mathura city, India over a period of 7 days to assess the microbial contamination of Indian currency notes in circulation. Prior to the start of the study the ethical clearance was obtained from the ethical committee of K.D. Dental College, Mathura. Before the collection, the purpose and procedure of the study was explained to the subjects and written informed consent of each subject was obtained.
Inclusion criteria
Currency notes of INR10, INR 50, and INR 100.
Exclusion criteria
Very badly damaged or torn notes A total of 66 Indian currency notes were collected from 22 different places (i.e., fish vendors, meat vendors, tempo drivers, banks, laboratory workers, dental students, hospital billing counters, washermen, household, petrol pumps, food sellers, milk sellers, beggars, bus conductors, supermarkets, fast food outlets, street vendors, shoe-makers, pan-vendors, compressed natural gas stations, slaughter house, and ward boys). Of 66 currency notes, 22 each were of INR 10, INR 50, and INR 100, respectively. The currency notes were divided into three groups, i.e. new, moderate, and old based on year of production.
Each currency note was collected from respective places in the sterile plastic bag and then it was transferred to a private pathology laboratory in Agra. The samples from each currency notes were collected with a sterile cotton swab dipped in 1% peptone water. Swabbing was done from each corner and central parts from both sides of currency notes.
Then the swab samples were subjected to laboratory analysis where they were incubated on a plate of blood agar media and McConkey's agar media. The plates were incubated aerobically at 37°C for 24 h. Plates were then observed for growth of bacteria. Mixed growth was further subcultured to obtain pure colony.
The colony was identified phenotypically by colony characteristics, Gram staining and biochemical tests as per standard protocol. Antibiotic sensitivity testing was done by Kirby-Bauer method of disc diffusion susceptibility testing, modified by Clinical Laboratory Standard Institute. Table 1 shows the isolation of bacterial species on currency notes of different contamination. Of the 66 currency notes of three different denominations, 100% of currency notes were found to be contaminated. A total of 5 species of bacteria were diagnosed in which 66 isolates were found from those contaminated notes. Of 66 isolates, 48% were Gram-positive bacteria. Klebsiella 19 (28.8%) was the most frequently isolated bacterial species. In the INR 10 group, the currency notes were most frequently contaminated with Klebsiella and Pseudomonas, i.e., 6 (28.5%) each. Furthermore, in the INR 50 group, the currency notes were most frequently contaminated with Klebsiella and Pseudomonas i.e., 6 (26%) each. However, in INR 100 group the most commonly found bacteria was Klebsiella, i.e., 7 (31.8%). Table 2 shows rate of contamination and culture positives according to the physical condition of currency notes. Of total 66 currency notes, 24 were new, 25 were moderate, and 17 were old. Culture positive rate was also found to be 100%. Table 3 shows the number of microorganisms according to the physical condition of currency notes.
RESULTS
Of total 66 isolates of bacteria, 41 were associated with old currency notes. 17 isolates were associated with moderate currency notes, and only 8 isolates were associated with new currency notes. Most frequently microorganism that was associated with all currency notes was Klebsiella, i.e., 19 (28.8%). In new currency group, of 8 isolates, 4 (50%) were of CNS, 2 (25%) were of S. aureus group, and 1 (12.5%) each were of Klebsiella and Pseudomonas group, respectively.
In moderate currency group, of 17 isolates, 6 (35.2%) were of Klebsiella group, 4 (23.5%) were of CNS group, 3 (17.7%) were of Pseudomonas group, and 2 (11.8%) each were of S. aureus and Enterococcus group, respectively.
In old currency group, of 41 isolates, 12 (29.2%) were of Klebiella group, 11 (27%) were of Pseudomonas group, 7 (17.1%) were of S. aureus group, 6 (14.6%) were of CNS group, and 5 (12.1%) were of Enterococcus group. Table 4 shows the distribution of currency notes according to the resistant pattern. In S. aureus group, the microorganisms were most resistant to ampicillin and azithromycin group, i.e., 5 (17.2%) each. In CNS group, the microorganisms were most resistant to clindamycin group, i.e., 7 (23.3%). In Klebsiella group, the microorganisms were most resistant to ampicillin and clindamycin group, i.e., 5 (22.8%) each. In Pseudomonas group, the microorganisms were most resistant to linezolid group, i.e., 5 (20.8%).
In Enterococcus group, the microorganisms were most resistant to clindamycin and linezolid group, i.e., 4 (21%) each. Table 5 shows microbial contamination of currency notes based on their location. Of all the 22 groups, the highest level of contamination was found in currency notes that were collected from beggars and slaughter houses.
DISCUSSION
Studies in different parts of India show that predominant organisms isolated from contaminated currency are Bacillus sp. followed by CNS and Micrococcus sp.
Other pathogenic bacteria present in the currency are Klebsiella, Pneumoniae, Escherichia coli, S. aureus, Pseudomonas sp., Salmonella sp., and Proteus sp. However, in a recent study conducted in Nagpur, Escherichia coli was found to be the most common organism. [14] Paper notes of currency are handled by a large number of people under a variety of personal and environmental No, a similar study was conducted in Mathura city in past so, this study was carried out. [15] In our study, of the 66 currency notes of three different denominations, all of the currency notes (100%) were found to be contaminated. A total of 5 species of bacteria were diagnosed in which 66 isolates were found from those contaminated notes in comparison to study done by Pal et al. [5] (2013) in which total of 5 species were found in which 58 isolates were found. In our study, of 66 isolates, 48% were Gram-positive bacteria. Klebsiella 19 (28.8%) was the most frequently isolated bacterial species. Similarly, in a study done by Pradeep and Anupama [9] (2012) 54 % were Gram-positive bacteria and Klebsiella (31%) was the most common bacterial species.
In our study, all the 100% currency notes were contaminated. Similarly, culture positive rate was also found to be 100. However, in a study done by Janardan et al. [16] (2009) contamination rate was 93% and culture positive rate was 100%.
In our study, most frequent microorganism associated with all currency notes was Klebsiella found in 19 (28.8%) currency notes, followed by Pseudomonas found in 15 (22.8%) currency notes. In a study done by Sawalha and Mowais [14] (2012), 30% of total microorganisms were Klebsiella and in a study done by Pavani and Srividya. [8] (2014) 35% of total microorganisms were Enterococcus.
Of total 19 isolates of Klebsiella in this study, the highest percentage of resistance was to ampicillin and clindamycin group, i.e., 5 (22.8 %) each. In contrast, in a study done by Pavani and Srividya. [8] (2014) 25% of Klebsiella isolates were resistant to azithromycin group.
Of all the 22 groups, the highest level of contamination was found in currency notes that were collected from beggars and slaughter houses. In the study carried out by Mehdi et al. [17] (2011) currency notes that were collected from ward boys of hospitals and nurses were maximally contaminated. In a study conducted by Kalpana et al. [18] (2014) the currency notes which were collected from laboratory workers and ward boys were maximally contaminated. However, in a study carried out by Nagesh et al. the currency notes, which were collected from hospital billing counters and tempo drivers were maximally contaminated.
One of the limitations of this study could be that small sample size may not demonstrate the clear picture, so the results cannot be generalized. The discrepancy in the bacterial pattern may be attributed to the regional variation of bacterial profile and habits of the local people. Inability to quantify the cell numbers of the bacterial agents and failure to take into account the possible presence of other categories of potential pathogens, such as viruses and fungi that might contaminate currency notes could be the other limitation.
CONCLUSION
Contaminated money and coins are a public health risk when associated with the simultaneous handling of food, and currency may spread nosocomial infections. Currency circulating in different parts of the world could serve as a vehicle for transmission of drug resistant pathogenic or potential organisms. The isolation of bacterial agents including drug resistant organisms from currency notes confirms that currency might be a vector playing an important role in the transmission of pathogenic microorganisms, as well as in the spread of drug-resistant strains in the community.
Handling of paper currency deserves special attention. The practice of licking or applying saliva to the fingers while counting paper money is worth mentioning as an important potential route of exposure to bacteria and enteric pathogens. Strategies to reduce the contamination of currency, especially where environmental conditions favor the abundance of many pathogens, are recommended. Such strategies could include the introduction of plastic currency, which can be washed easily, as was done in Australia. Finally, it is recommended that similar studies on the microbial contamination of currency be undertaken with larger sample size to substantiate the results.
